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(54) ELECTRONIC CAMERA, PIXEL SIGNAL CORRECTION METHOD AND RECORDING 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic 
camera capable of appropriately performing correction to 
white blemish increasing and decreasing in 
correspondence to exposure time. 
SOLUTION: At the time of picking up the image of an 
object for pixel defect detection, by comparing image 
data for respective pixels obtained by the image pickup 
with reference data as the exposure time as a 
parameter, a control circuit 8 determines defective 
pixels. Thus, in the case that the exposure time is short, 
the number of the defective pixels to be determined by 
the control circuit 8 is reduced and thus, the correction of 
output signals is quickly performed. On the other hand, 
in the case that the exposure time is long, the number of 

the defective pixels to be determined by the control circuit 8 is increased to a required level 
and image quality is improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An electronic camera comprising: 

A solid state image pickup device which has two or more pixels. 

A memory measure which memorizes information on a defect pixel of said solid state image 
pickup device corresponding to exposure time. 

A determination means to determine a defect pixel based on information and said defect pixel 
information on exposure time at the time of photography. 

[Claim 2]An electronic camera comprising: 

A solid state image pickup device which has two or more pixels. 

A memory measure which memorizes information on a defect pixel of said solid state image 
pickup device corresponding to temperature of said solid state image pickup device. 
A determination means to determine a defect pixel based on temperature information and said 
defect pixel information on said solid state image pickup device at the time of photography. 

[Claim 3]The electronic camera according to claim 1 or 2 having a compensation means which 
amends an output signal from said determined defect pixel. 

[Claim 4]The electronic camera according to claim 1 or 3 having a defect pixel information 
detection means which searches for information on said defect pixel by comparing with 
predetermined data data of each pixel obtained by image pick-up in two or more exposure 
time. 

[Claim 5]The electronic camera according to claim 2 or 3 having a defect pixel information 
detection means which searches for information on said defect pixel by comparing with 
predetermined data data of each pixel obtained by image pick-up in two or more solid state 
image pickup devices. 
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[Claim 6]The electronic camera according to claim 4 or 5, wherein said predetermined data is 
called for from data of a peripheral pixel of a pixel to observe. 
[Claim 7]A pixel signal correcting method comprising: 

Information on a defect pixel corresponding to exposure time about a solid state image pickup 
device which has two or more pixels. 

A step which determines a defect pixel at the time of an image pick-up based on information 
on exposure time at the time of an image pick-up, and a step which amends said determined 
output signal from a defect pixel. 

[Claim 8]A pixel signal correcting method comprising: 

Information on a defect pixel corresponding to temperature about a solid state image pickup 
device which has two or more pixels. 

A step which determines a defect pixel at the time of an image pick-up based on information 
on temperature of a solid state image pickup device at the time of an image pick-up, and a 
step which amends said determined output signal from a defect pixel. 

[Claim 9]A pixel signal correcting method comprising: 

A step which searches for information on a defect pixel corresponding to each exposure time 
by picturizing with a solid state image pickup device which has two or more pixels, changing 
exposure time. 

A step which determines a defect pixel at the time of an image pick-up based on information 
on exposure time at the time of an image pick-up, and said information on a defect pixel 
searched for, and a step which amends said determined output signal from a defect pixel. 

[Claim 10]The pixel signal correcting method according to any one of claims 7 to 9, wherein it 
opts for amendment of said output signal based on an output signal from a pixel near said 
determined defect pixel. 

[Claim 1 1]A recording medium which indicated a program for performing the pixel signal 
correcting method according to any one of claims 7 to 10. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]ln the electronic camera provided with the solid state image pickup 
device, this invention detects the defect pixel of said solid state image pickup device, and 
relates to the art which amends the output signal from this defect pixel. 
[0002] 

[Description of the Prior Art]The solid state image pickup device with which the electronic 
camera was equipped has a function which changes into charge quantity (electrical signal) the 
optical image of the photographic subject which carried out image formation, and outputs it on 
a pixel by the pixel of a large number located in a line with two dimensions. By the way, since it 
has a defect (picture element defect) based on adhesion, a crystal defect, etc. of dust, some of 
these pixels cannot output a normal signal. The white flaws which output the signal which 
added the excessive signal component to such a picture element defect to the output signal 
which should be outputted corresponding to the luminosity of a photographic subject, and 
make a picture whitish, The signal which subtracted a certain signal component to the output 
signal which should be outputted corresponding to the luminosity of a photographic subject is 
outputted, and there is a black crack which makes a picture blackish. 

[0003]lf many picture element defects arise, when reproducing the picture picturized using this 
solid state image pickup device, there is a possibility that image quality may deteriorate 
remarkably. On the other hand, since the solid state image pickup device which came to be 
used in recent years has hundreds of thousands [ at least ] or more pixels, it can be actually 
said to be difficult to manufacture a solid state image pickup device without a picture element 
defect. Therefore, after standing on a premise that a certain amount of picture element defect 
always exists, it is required that a solid state image pickup device should be used. 
[0004]Based on this premise, it has a correction circuit which amends the electrical signal 



http://www4.ipdl.inpit.go^ 6/2/2009 



JP,11-239298,A [DETAILED DESCRIPTION] 



Page 2 of 16 



outputted from the pixel with a picture element defect by post-processing, and the electronic 
camera which aimed at improvement in image quality is already developed. By according to 
such an electronic camera, detecting the pixel (defect pixel) which uses a pixel defect 
inspection device at the time of factory shipments, and has a picture element defect of a solid 
state image pickup device, and making ROM which accompanies an electronic camera, for 
example memorize the position as information, At the time of a actual image pick-up, how to 
amend the output signal from this defect pixel suitably is taken. 
[0005] 

[Problem(s) to be Solved by the lnvention]However, since the white flaws mentioned above 
were the picture element defects based on a crystal defect, it became clear that it may 
increase according to the operating environment of a solid state image pickup device. For 
example, when the temperature of the circumference of a solid state image pickup device 
rises, white flaws tend to increase according to exposure time becoming long. Since a new 
defect pixel will arise in the position of the defect pixel detected under conditions certain at the 
time of factory shipments, and a different position in this case, it may also happen that 
sufficient amendment cannot be performed. Then, it exposes at a long time or an elevated 
temperature, defect pixel information is acquired, and always amending the signal of a defect 
pixel based on this information is also considered. 

[0006]However, the white flaws produced when exposure time becomes long cause the delay 
of processing time, and it is not preferred not to appear at the time of short-time exposure, and 
to always perform a compensation process about these white flaws. Since the pixel concerning 
these white flaws functions as a normal pixel at the time of the usual image pick-up, adding 
amendment to the normal output signal from this pixel also has a possibility of causing 
deterioration of image quality on the contrary. 

[0007]An object of this invention is to provide the electronic camera, pixel signal correcting 
method, and recording medium which can be suitably amended to the white flaws fluctuated 
according to exposure time in view of the problem of this conventional technology. 
[0008] 

[Means for Solving the Problem]This invention is characterized by an electronic camera 
comprising the following that the above-mentioned purpose should be attained. 
A solid state image pickup device which has two or more pixels. 

A memory measure which memorizes information on a defect pixel of said solid state image 
pickup device corresponding to exposure time. 

A determination means to determine a defect pixel based on information and said defect pixel 
information on exposure time at the time of photography. 

[0009]This invention is characterized by an electronic camera comprising the following. 
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A solid state image pickup device which has two or more pixels. 

A memory measure which memorizes information on a defect pixel of said solid state image 
pickup device corresponding to temperature of said solid state image pickup device. 
A determination means to determine a defect pixel based on temperature information and said 
defect pixel information on said solid state image pickup device at the time of photography. 

[0010]On the other hand, a pixel signal correcting method of this invention is provided with the 
following. 

Information on a defect pixel corresponding to exposure time about a solid state image pickup 
device which has two or more pixels. 

A step which determines a defect pixel at the time of an image pick-up based on information 

on exposure time at the time of an image pick-up. 

A step which amends an output signal from said determined defect pixel. 

[001 1]A pixel signal correcting method of this invention is provided with the following. 
Information on a defect pixel corresponding to exposure time about a solid state image pickup 
device which has two or more pixels. 

A step which determines a defect pixel at the time of an image pick-up based on information 
on temperature of a solid state image pickup device at the time of an image pick-up. 
A step which amends an output signal from said determined defect pixel. 

[001 2]A pixel signal correcting method of this invention is provided with the following. 
A step which searches for information on a defect pixel corresponding to each exposure time 
by picturizing with a solid state image pickup device which has two or more pixels, changing 
exposure time. 

A step which determines a defect pixel at the time of an image pick-up based on information 
on exposure time at the time of an image pick-up, and said information on a defect pixel 
searched for. 

A step which amends an output signal from said determined defect pixel. 
[0013] 

[Function]The solid state image pickup device which has two or more pixels according to the 
electronic camera of this invention, Since it has a determination means to determine a defect 
pixel based on the memory measure which memorizes the information on the defect pixel of 
said solid state image pickup device corresponding to exposure time, and the information and 
said defect pixel information on exposure time at the time of photography, For example, when 
exposure time is short, the number which is a defect pixel which said determination means 
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determines can be lessened, and, thereby, the compensation process of an output signal can 
be performed promptly. On the other hand, when exposure time is long, the number which is a 
defect pixel which said determination means determines can be raised to a required grade, 
and, thereby, improvement in image quality can be aimed at. 

[0014]The solid state image pickup device which has two or more pixels according to the 
electronic camera of this invention, Since it has a determination means to determine a defect 
pixel based on the memory measure which memorizes the information on the defect pixel of 
said solid state image pickup device corresponding to the temperature of said solid state 
image pickup device, and the temperature information and said defect pixel information on said 
solid state image pickup device at the time of photography, For example, when the 
temperature of a solid state image pickup device is low, the number which is a defect pixel 
which said determination means determines can be lessened, and, thereby, the compensation 
process of an output signal can be performed promptly. On the other hand, when the 
temperature of a solid state image pickup device is high, the number which is a defect pixel 
which said determination means determines can be raised to a required grade, and, thereby, 
improvement in image quality can be aimed at. 

[0015]The information on the defect pixel corresponding to the exposure time about the solid 
state image pickup device which has two or more pixels according to the pixel signal correcting 
method of this invention, Since it has a step which determines the defect pixel at the time of an 
image pick-up based on the information on the exposure time at the time of an image pick-up, 
and a step which amends said determined output signal from a defect pixel, For example, 
when exposure time is short, the number of defect pixels can be determined few and, thereby, 
the compensation process of an output signal can be performed promptly. On the other hand, 
when exposure time is long, the number of defect pixels can be raised to a required grade, and 
can be determined, and, thereby, improvement in image quality can be aimed at. 
[0016]The information on the defect pixel corresponding to the exposure time about the solid 
state image pickup device which has two or more pixels according to the pixel signal correcting 
method of this invention, Since it has a step which determines the defect pixel at the time of an 
image pick-up based on the information on the temperature of the solid state image pickup 
device at the time of an image pick-up, and a step which amends said determined output 
signal from a defect pixel, For example, when the temperature of a solid state image pickup 
device is low, the number of defect pixels can be determined few and, thereby, the 
compensation process of an output signal can be performed promptly. On the other hand, 
when the temperature of a solid state image pickup device is high, the number of defect pixels 
can be raised to a required grade, and can be determined, and, thereby, improvement in 
image quality can be aimed at. 

[0017]According to the picture signal correcting method of this invention, with the solid state 
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image pickup device which has two or more pixels. The step which searches for the 
information on the defect pixel corresponding to each exposure time by picturizing changing 
exposure time, Since it has a step which determines the defect pixel at the time of an image 
pick-up based on the information on the exposure time at the time of an image pick-up, and 
said information on a defect pixel searched for, and a step which amends said determined 
output signal from a defect pixel, Although the quick compensation process of an output signal 
is secured by fluctuating the number of the defect pixels which should amend an output signal 
according to exposure time when a defective pixel number changes with the merits and 
demerits of exposure time, improvement in image quality can be aimed at. 
[0018] 

[Embodiment of the lnvention]Hereafter, a 1st embodiment by this invention is described with 
reference to drawings. Drawing 1 is a figure showing the composition of the digital still camera 
as an electronic camera concerning a 1st embodiment. In drawing 1 , the CCD (Charge 
Coupled Device) image sensor 1 as a solid state image pickup device performs what is called 
photoelectric conversion that changes into an electrical signal the optical image of the 
photographic subject by which image formation was carried out on the pixel (an electric charge 
is generated). 

The drive circuit 2 is a circuit which generates a transfer pulse and is supplied to CCD1 . 
CCD1 outputs an analog electric signal based on the transfer pulse generated by the drive 
circuit 2. 

[0019]The CDS (correlation double sampling) circuit 3 is a circuit for reducing a noise, and is 
driven based on the drive pulse outputted from the drive circuit 2. The inputted analog signal is 
changed into a digital signal, and the A/D conversion circuit 4 outputs it. In the A/D conversion 
circuit 4 concerning this embodiment, it shall be changed into the digital signal of a big value, 
so that the luminous intensity which entered into the pixel on CCD1 is high. The image data for 
every CCD pixel obtained via this A/D conversion circuit 4 is once memorized by the memory 5 
for pictures. 

[0020]Various kinds of image processing is performed by CPU6, and, eventually, the image 
data memorized by the memory 5 for pictures is memorized by the Records Department 7 
which consists of recording media, such as a memory card and a magneto-optical disc. 
[0021]Here, the processing which amends the image data of the defect pixel of CCD1 is 
included in various kinds of image processing. CPU6 detects a defect pixel and so that it may 
mention later the position information on a defect pixel (coordinates), The memory 9 with which 
the control circuit 8 was equipped is made to memorize, and it amends by reading this position 
information from the memory 9 in the compensation process of the image data of a defect 
pixel. Various kinds of data used for detection of a defect pixel is also memorized by the 
memory 9. 
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[0022]The liquid crystal display 10 displays a picture, required operation information, etc. which 
were picturized. The front face of CCD1 is equipped with the lens 1 1 for carrying out image 
formation of the light from a photographic subject on a pixel, the diaphragm 12 which adjusts 
the light volume of incident light, and the temperature sensor 13 which detects the temperature 
of CCD1. 

The detecting signal of the temperature sensor 13 is inputted into the control circuit 8. 

[0023]Having a distance measurement means (un-illustrating) to a photographic subject, with 
the signal from this distance measurement means, the control circuit 8 drives the lens drive 
circuit 14, and moves the lens 11 to a focusing position. It has the mode switch 16 (mode 
selection means) for choosing the electric power switch 15 and the detection mode to which 
detection of a picture element defect is made to perform, and the signal based on operation of 
this switch is inputted into the control circuit 8. On the other hand, the timer 17 is connected to 
the control circuit 8. The timer 17 detects the exposure time at the time of the image pick-up of 
CCD1, and outputs the signal corresponding to this exposure time to the control circuit 8. The 
diffusion board 21 is used at the time of black crack detection. 

Since it is not used at the time of white-flaws detection, the explanation is omitted below. 

[0024]Next, detection of white flaws is explained as a defect pixel. That it should correspond to 
the white flaws which increase temporally, when the mode switch 16 serves as one, the 
detection is performed for every powering on. 

[0025]After the mode switch 16 has become one, if the electric power switch 15 is switched on 
by the user, It is inputted into the control circuit 8, this switch signal extracts by the control 
circuit 8, controls 12 (light intensity adjusting means) to full close, and after CCD1 has 
restricted incident light in this state, it picturizes by one screen (control means). The output 
from CCD1 by this image pick-up is accumulated in the memory 5 for pictures, and CPU6 
compares, respectively, the threshold for a white-flaws judging (criterion data) and the image 
data for every pixel, i.e., the output signal, which make a note beforehand and are memorized 
by 9. It may be made to ask for this criterion data with an average etc. from the peripheral data 
of the pixel to detect using the picturized image data. 

[0026]How to ask for criterion data is explained below with reference to drawings. First, the 
case where the colored filter of four colors as shown in drawing 10 is arranged for every pixel 
is considered. Although drawing 11 is a figure showing the state where this colored filter is put 
in order in two dimensions, in order to make it easy to understand, it shows only A color. 
[0027]ln drawing 1 1 , criterion data shall be calculated to the noticed picture element AA using 
the data of the pixel of the 24 same colors (A color) in the noticed picture element in the area 
of 9 pixels of circumference four quarters. First, the data average value of 24 pixels is 
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calculated. Let this average value be the 1st criterion data to this pixel. The data of a noticed 
picture element is compared with this 1st criterion data, and a difference is searched for, and 
let this difference be a crack level. When a crack level exceeds the predetermined range, it 
recognizes as a crack and the position information is memorized in a memory. Same 
processing is performed about other colors (B, C, D color). Same processing is performed 
about all the pixels. 

[0028]About the crack level detected at this time, it may not be considered as the same range 
to all image data, but a certain area may be divided, and it may detect on a different standard 
for every area of that. For example, it divides into a middle-of-the-screen part and a periphery, 
and the center section can change 5% or less, and the periphery can change the conditions of 
crack detection like 10% or less. The percentage at this time is a ratio of a crack level to the 
data average value of 24 pixels of circumferences of a noticed picture element. 
[0029]As a colored filter, when two or more monochromatic filters are used, it is the same as 
that of the case of a monochrome image sensor, and all the pixels that adjoin to a noticed 
picture element can be used. Drawing 12 is a figure showing this example. For example, all the 
portions of B can be used to noticed picture element BB. What is necessary is to calculate the 
data average value of a peripheral pixel similarly about calculation, and just to let this be the 
1 st criterion data. 

[0030]Since incident light does not reach on the pixel of CCD1 according to the image pick-up 
mentioned above, as long as a pixel is normal, as for the output signal from this pixel, less than 
a threshold becomes. Therefore, when the output signal is beyond a threshold, it is judged that 
there is a defect equivalent to white flaws. White flaws will be detected by this comparison. If 
white flaws are detected, the position information on the defect pixel corresponding to it (two- 
dimensional coordinates) will be memorized by the memory 9 (memory measure) of the control 
circuit 8. 

[0031]Since according to this composition detection of white flaws is performed automatically 
and the position information on the newest white flaws is memorized by said memory 9 for 
every injection of the electric power switch 15, the amendment corresponding to change of 
temporal white flaws is attained. 

[0032]By the way, although white flaws are the picture element defects that the electric charge 
of the quantity in a pixel will be added and accumulated in addition to the electric charge based 
on the light volume of incident light, the more exposure time excels, the more there is a 
tendency for the charge quantity accumulated by making it such to increase. Therefore, even if 
it is a pixel which does not serve as a defect at the time of short-time exposure, the white flaws 
to which image quality is reduced at the time of prolonged exposure may be produced. When 
such a pixel amends the output signal of a solid state image pickup device, the handling poses 
a problem. This problem is explained more concretely. 
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r00331 Prawing 2 is the graph which calculated the charge quantity (crack level) accumulated 
when it exposes in [ in a certain pixel ] being pitch-black with exposure time. For example, 
when an electric charge is accumulated not less than 20% in this pixel, it is assumed that a 
user can recognize the portion to be white flaws in the reproduced picture. Then, if exposure 
time is less than 5 seconds in a actual image pick-up, about the output signal of this pixel, 
amendment is unnecessary. On the other hand, if exposure time is 5 seconds or more in a 
actual image pick-up, it is necessary to make the output signal of this pixel into an object of 
amendment, and to secure the image quality of a reproduced image. 

r00341 Drawing 3 is the graph which asked for the number of the pixels which need to amend 
an output signal in a certain CCD with exposure time. According to drawing 3 , if exposure time 
is 1 second, the number of the required pixels of amendment is 50, but if exposure time will be 
4 seconds, it is shown that the number increases to 200 pieces. Thus, the defect pixel which 
needs to amend an output signal tends to increase with exposure time. Drawing 2 and the 
graph shown in 3 are shown as an example. 

There may be some which show the different characteristic from drawing 2 and the graph of 3 
depending on the kind of pixel. 

[0035]ln this invention, in order to aim at harmony of image quality and processing time, about 
the white flaws which increase with exposure time or temperature, it amends according to 
exposure time or temperature. The position, exposure time, or temperature of the pixel which 
white flaws cost before the image pick-up of a photographic subject for this amendment is 
beforehand searched for as a parameter. The example of exposure time explains below about 
the mode which searches for the position of this pixel. 

[0036]First, at the time of factory shipments or the inspection before a photographic subject 
image pick-up, where the mode switch 16 is made one, a switch signal is inputted into the 
control circuit 8 by switching on the electric power switch 15 of a digital still camera. This 
control circuit 8 carries out drive controlling of the diaphragm 12 (light intensity adjusting 
means) to full close, where incident light is restricted, it drives an unillustrated shutter, and it 
picturizes a picture pitch-black to CCD1 by two or more screens, changing exposure time. 
[0037]The output signal of CCD1 which picturized this pitch-black picture (picture for picture 
element defect detection) is accumulated in the memory 5 for pictures. CPU6 compares with 
the output signal of each pixel the threshold for a white-flaws judging (for example, 20% of a 
total accumulated dose) which makes a note beforehand and is memorized by 9 for every 
exposure time. CPU6 detects the position (two-dimensional coordinates) of the defect pixel 
which outputs the signal exceeding this threshold for every exposure time, and it memorizes it 
in the memory 9 (memory measure) of the control circuit 8. The example of the data of this 
defect pixel to memorize is shown in Table 1. The position information on a defect pixel (1-1,1- 
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10 grade) is memorized to each exposure time. In this example, the information on a defect 
pixel is searched for about the exposure time 1/8, 1 , and 2 or 4 sec. What is necessary is just 
to ask similarly, when temperature is made into a parameter. 
[0038] 

Table 1] 





xnmx mm) 


1/8 


i-i 


1-10 


100-1 




l 


i-i 


1-10 


5-10 


100-1 


100-2 




2 


i-i 


1-10 


5-10 


6-10 


100-1 


• ■ a 


4 


i-i 


1-7 


1-10 


3-5 


5-10 


• • • 



[0039]lf the above-mentioned inspection is conducted for every power switch, it can be 
considered as the object of amendment also about the white flaws which increase by 
degradation with the passage of time, and, thereby, improvement in image quality can be 
aimed at more. Since white flaws tend to increase also by a rise in heat, the position (two- 
dimensional coordinates) of a defect pixel may be determined by making into a parameter 
ambient temperature which used and measured the temperature sensor 13 at the time of a 
white-flaws inspection. 

[0040]lt is detected as it mentioned above, and the position of the defect pixel memorized by 
the memory 9 is read at the time of a actual photographic subject image pick-up, and it is used 
for the compensation process of the output signal concerning a picture. Below, the mode is 
explained. 

f0041] Drawing 4 is a flow chart which shows the processing in the case of actually picturizing a 

photographic subject using the electronic camera concerning this embodiment. 

Drawing 5 is a subroutine which determines the required pixel of a compensation process. 

[0042]First, in Step S101 of drawing 4 , when a user switches on the electric power switch 15 
(power ON), a flow begins. When a user half-presses an unillustrated shutter button, switch 
SW1 shall be supplied (one) and switch SW2 shall be supplied by pressing fully (one). 
[0043]ln Step S102, when switch SW1 is not supplied, an electronic camera is maintained by 
the waiting state, but. When switch SW1 is supplied, in continuing Step S103, exposure control 
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by the control circuit 8 is performed, and exposure time is determined from a required 
diaphragm value and shutter speed. 

[0044]The pixel which should amend an output signal is determined in Step S104. More 
specifically, the control circuit 8 inputs the exposure time T in Step S104a of the subroutine of 
drawing 5 . The control-objectives value determined in Step S103 ( drawing 4 ) may be sufficient 
as this exposure time T, and the actual exposure time which the timer 17 ( drawing 1 ) 
measured may be sufficient as it. 

[0045]After the exposure time T is inputted in Step S104a of drawing 5 , the control circuit 8 
judges whether the exposure time T is 1 / 8 seconds or less in Step S104b. When judged as 
T<=1 / 8 seconds, in Step S104c, the control circuit 8 reads the information on the required 
pixel of amendment from the memory 9. On the other hand, in Step S104b, when it is judged 
that they are not T<=1 / 8 seconds, a flow advances to Step S104d. 
[0046]Step S In 104 d, the control circuit 8 judges whether the exposure time T is 1 or less 
second. When judged as T<= 1 second, in Step S104e, the control circuit 8 reads the 
information on the required pixel of amendment from the memory 9. On the other hand, in Step 
S104d, when it is judged that it is notT<= 1 second, a flow advances to Step S104f. 
[0047]Step S In 104 f, the control circuit 8 judges whether the exposure time T is 2 or less 
seconds. When judged as T<= 2 seconds, in Step S104g, the control circuit 8 reads the 
information on the required pixel of amendment from the memory 9. On the other hand, in Step 
S104f, when it is judged that it is not T<= 2 seconds, since the exposure time T is a maximum 
of 4 seconds, in this embodiment, it reads the information on the required pixel of amendment 
from the memory 9 (Step S 104h). Then, the return of the flow is carried out from this 
subroutine. 

[0048]ln Step S105 which returns and follows drawing 4 , the control circuit 8 finds the distance 
to a photographic subject by an unillustrated ranging circuit, and drives the lens 1 1 to a 
focusing position by the lens drive circuit 14. 

[0049]ln continuing Step S106, when switch SW2 is not supplied (that is, a shutter button is not 
pressed fully), an electronic camera is maintained by the waiting state, but. When switch SW2 
is supplied, in continuing Step S107, a shutter drives by the control circuit 8 and exposure is 
performed by the exposure time T. 

[0050]After an electric charge is accumulated in CCD1 by this exposure, transmission of an 
electric charge is performed in Step S109.The electric charge transmitted in this way is 
memorized as image data for every pixel by the memory 5 for after [ an A/D conversion ] 
pictures. 

[0051]ln Step S110, the control circuit 8 amends white flaws to the electric charge memorized 
by the memory 5 for pictures based on the information on the pixel which was memorized by 
the memory 9, and which should be amended. The mode of this amendment is mentioned 
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later. After this amendment, the control circuit 8 performs other signal processing by CPU6 in 
Step S1 1 1 , and compresses this signal in Step S1 12. The control circuit 8 records a picture on 
the Records Department 7 in Step S1 13 eventually, and returns a flow to Step S102 after that. 
[0052]Next, the mode of amendment of the white flaws in Step S1 10 mentioned above is 
described. First, the control circuit 8 reads the pixel selected based on the exposure time T 
which should be amended from the memory 9, and adds a compensation process to the 
charge quantity corresponding to this pixel in the image data memorized by the memory 5 for 
pictures. 

[0053]He is trying to newly calculate the charge quantity of the pixel which has this defect in 
amendment of the image data in this embodiment by averaging the charge quantity of the pixel 
which adjoins the pixel which has a defect. However, it is possible to amend image data also 
by carrying out the four operations of the correction value to the charge quantity from the pixel 
which has a defect, or multiplying and dividing a correction term. 

[0054]First, the color mosaic filter beforehand formed in CCD1 as shown in drawing 6 , When 
the control circuit 8 calculates the charge quantity of pixel A nwhjch jg g defect pjxe| and n in the 
case of the light filter of four colors of A, B, C, and D (for example, Ye, Cy, G, Mg), it calculates 
based on one of the following formulas. Numerals A nmentjoned |ater gnd n mean the charge 
quantity concerning the filter color A of the pixel of eye an n sequence n line (namely, Ye). 
[0055] 



[0056]According to the average of the above-mentioned (1) formula, in the 5x5 picture element region centering 
on a defect pixel, Since the light filter of the same color as a defect pixel transposes the established average 
value with a charge quantity of 8 pixels to the charge quantity of a defect pixel, change of the charge quantity of 
the pixel which adjoins the charge quantity of this pixel becomes natural, and, thereby, improvement in image 
quality can be aimed at. 

[0057]According to the average of the above-mentioned (2) formula, in the 5x5 picture element region centering 
on a defect pixel, It is the pixel in which the light filter of the same color as a defect pixel was provided, and the 
same sequence as a defect pixel and average value with a same charge quantity of 4 pixels of a line are 
transposed to the charge quantity of the defect pixel, and harmony with improvement in image quality and 
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improvement in processing speed can be aimed at. 

[0058]According to the average of the above-mentioned (3) formula, in the 5x5 picture element region centering 
on a defect pixel, it is the pixel in which the light filter of the same color as a defect pixel was provided, and the 
same sequence as a defect pixel or average value with a same charge quantity of 2 pixels of a line is transposed 
to the charge quantity of the defect pixel, and improvement in processing speed can be aimed at. A compensation 
process is similarly performed about filter colors B, C, and D other than A. 

[0059]On the other hand, as shown in drawing 7 , also when a color mosaic filter is a filter of three colors of A, B, 
and C (for example, R, G, B) and the pixel concerning the filter colors B and C is a defect pixel, the above (1) 
thru/or (3) types can be used and charge quantity can be replaced. On the other hand, when the pixel concerning 
the filter color A is a defect pixel, it can calculate based on one of the following formulas. 
[0060] 

(i) The 1st formula A ^ ^(A^ gnd ^A^ n+1 +A n+i gnd ^A^ ^) 14 (4) 

(ii) the 2nd formula A nand r = (A n-2and n _ 2 + A n _ 2 n +A n _ 2j gnd n+2 + A n ^ and ^ +A R1 and n+1 + A n } n2 +A^ 

n+2 +A n+i, and n-1 +A n+i, n+1 +A n+2, and n-2 +A n+2, n +A n+2, and n+2 /12 ^ 

[0061]According to the average of the above-mentioned (4) formula, average value with a charge quantity of 4 
pixels of four corners in which the light filter of the same A color as a defect pixel was provided is transposed to 
the charge quantity of the defect pixel in the 3x3 picture element region centering on a defect pixel, and harmony 
with improvement in image quality and improvement in processing speed can be aimed at. 
[0062]On the other hand, according to the average of the above-mentioned (5) formula, the light filter of the same 
A color as a defect pixel is transposing the established average value of 12 pixels to the charge quantity of the 
defect pixel in the 5x5 picture element region centering on a defect pixel, and improvement in image quality can 
be aimed at. 

[0063]When amending the charge quantity of pixel A nwhjch js a defect p|xe , gnd n since the light filter of A, B, 

and C (for example, R, G, B) is provided in each CCD in using CCD of 3 board equations as shown in drawing 8 , 

it can calculate based on one of the following formulas. 

[0064] 

(i) The 1st formula A ^ ^(A^ ^ ^ n+1 + A n+1 , ^ n . 1+ A n+i n+ A n+i 
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n + 1> /8 < 6 > 

(ii) The 2nd formu.a A ^ ^(A^ ^ ^A^ n+1+ A p+i gnd n . 1+ A n+i ^) ,4 (7) 

(iii) The 3rd formula A apd ^ n+ A n . 1+ A n+1+ A n+i) r ) /4 (8) 

(iv) The 4th formula A . =(A n +A ) /2 (9) 
x ' n, and n n-i, n n+i, n 

(v) The 5th formula A =(A +A )/2(10) 

n, and n n, n-i n, n+i 

(vi) The 6th formula A ^ ^ gnd n . 1+ A n+i n+1 ) 12 (11) 

(vii) The 7th formula A ^ n =(A^ n+1+ A n+i /2 (12) 

[0065](6) The calculation based on a formula calculates average value with a charge quantity of 8 pixels which 
adjoins a defect pixel. 

(7) The calculation based on a formula calculates average value with a charge quantity of 4 pixels of four corners 
in the 3x3 picture element region centering on a defect pixel. 

[0066](8) The calculation based on a formula calculates the average value of the charge quantity of 4 pixels of 
four directions which adjoin a defect pixel. 

(9) The calculation based on a formula calculates the average value of the charge quantity of 2 pixels of upper 
and lower sides which adjoin a defect pixel. 

[0067](10) The calculation based on a formula calculates the average value of the charge quantity of 2 pixels of 
right and left which adjoin a defect pixel. 

(11) The calculation based on a formula calculates average value with a charge quantity of 2 pixels of the upper 
left and the lower right which adjoin a defect pixel, and the calculation based on (12) types calculates average 
value with a charge quantity of 2 pixels of the upper right and the lower left which adjoin a defect pixel. 
What is necessary is just to choose this formula from the image quality and processing speed which are 
demanded suitably. 

[0068]Since he is trying to determine the number of the defect pixels which should be amended in consideration 
of exposure time according to this embodiment as stated above, when exposure time is short, Improvement in 
processing speed is aimed at by making small the number of the defect pixels which should be amended, and 
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when exposure time is long, and the defect which should be amended enlarges the number, improvement in 
image quality can be aimed at. According to this embodiment, before exposure time is long, even if it is the pixel 
judged to be a defect at the time of an image pick-up, when exposure time is short, it can be dealt with as a 
normal pixel, and, thereby, the performance of CCD can be used for full. 

[00691 Drawing 9 is a figure showing a 2nd embodiment of a digital still camera. The composition shown in 
drawing 9 also enables it to amend the charge quantity corresponding to detection of a defect pixel, and a defect 
pixel like a 1st embodiment. In a 2nd embodiment, identical codes are given to the same element as the 
composition of drawing 1 , and explanation is omitted. 

[0070]ln drawing 9 , the signal processing part 41 where the digital signal changed in the A/D conversion circuit 4 
is outputted is equipped with the digital disposal circuit 42, the picture element defect detector circuit 43 as a 
picture element defect detection means, and the pixel-defect-correction circuit 44 as a pixel-defect-correction 
means. 

[0071 ]The digital disposal circuit 42 is a circuit which performs luminosity processing and color processing, for 
example, is changed into the Digital Video signal as a luminance signal and a color-difference signal. The picture 
element defect detector circuit 43 is a circuit which detects the defect pixel of white flaws like a 1st embodiment. 
The position information on the defect pixel detected in this picture element defect detector circuit 43 (two- 
dimensional coordinates) is memorized by the memory 9. 

[0072]Based on the position information on the defect pixel memorized by the memory 9 (two-dimensional 
coordinates), the pixel-defect-correction circuit 44 amends the charge quantity concerning a defect pixel, and 
outputs the image data based on the amended charge quantity to the digital disposal circuit 42. 
[0073]As mentioned above, although this invention has been explained with reference to an embodiment, this 
invention is limited to the above-mentioned embodiment, and should not be interpreted, but, of course, change 
and improvement are possible suitably. For example, it may be made to ask for the defective pixel number at the 
time of an image pick-up by asking for the expression of relations of exposure time and the number of defect 
pixels beforehand, and applying actual exposure time to this expression of relations. According to this mode, even 
if it is a case where it enables it to change exposure time with a user's demands without going through stages, for 
example, it becomes possible to perform a suitable compensation process to the output of a defect pixel. The 
program which performs the pixel signal correcting method concerning this embodiment is memorizable to FD etc. 
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which are information media. 
[0074] 

[Effect of the lnvention]The solid state image pickup device which has two or more pixels according to the 
electronic camera of this invention, Since it has a determination means to determine a defect pixel based on the 
memory measure which memorizes the information on the defect pixel of said solid state image pickup device 
corresponding to exposure time, and the information and said defect pixel information on exposure time at the 
time of photography, For example, when exposure time is short, the number which is a defect pixel which said 
determination means determines can be lessened, and, thereby, the compensation process of an output signal 
can be performed promptly. On the other hand, when exposure time is long, the number which is a defect pixel 
which said determination means determines can be raised to a required grade, and, thereby, improvement in 
image quality can be aimed at. 

[0075]The solid state image pickup device which has two or more pixels according to the electronic camera of this 
invention, Since it has a determination means to determine a defect pixel based on the memory measure which 
memorizes the information on the defect pixel of said solid state image pickup device corresponding to the 
temperature of said solid state image pickup device, and the temperature information and said defect pixel 
information on said solid state image pickup device at the time of photography, For example, when the 
temperature of a solid state image pickup device is low, the number which is a defect pixel which said 
determination means determines can be lessened, and, thereby, the compensation process of an output signal 
can be performed promptly. On the other hand, when the temperature of a solid state image pickup device is high, 
the number which is a defect pixel which said determination means determines can be raised to a required grade, 
and, thereby, improvement in image quality can be aimed at. 

[0076]The information on the defect pixel corresponding to the exposure time about the solid state image pickup 
device which has two or more pixels according to the pixel signal correcting method of this invention, Since it has 
a step which determines the defect pixel at the time of an image pick-up based on the information on the 
exposure time at the time of an image pick-up, and a step which amends said determined output signal from a 
defect pixel, For example, when exposure time is short, the number of defect pixels can be determined few and, 
thereby, the compensation process of an output signal can be performed promptly. On the other hand, when 
exposure time is long, the number of defect pixels can be raised to a required grade, and can be determined, and, 
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thereby, improvement in image quality can be aimed at. 

[0077]The information on the defect pixel corresponding to the exposure time about the solid state image pickup 
device which has two or more pixels according to the pixel signal correcting method of this invention, Since it has 
a step which determines the defect pixel at the time of an image pick-up based on the information on the 
temperature of the solid state image pickup device at the time of an image pick-up, and a step which amends said 
determined output signal from a defect pixel, For example, when the temperature of a solid state image pickup 
device is low, the number of defect pixels can be determined few and, thereby, the compensation process of an 
output signal can be performed promptly. On the other hand, when the temperature of a solid state image pickup 
device is high, the number of defect pixels can be raised to a required grade, and can be determined, and, 
thereby, improvement in image quality can be aimed at. 

[0078]According to the picture signal correcting method of this invention, with the solid state image pickup device 
which has two or more pixels. The step which searches for the information on the defect pixel corresponding to 
each exposure time by picturizing changing exposure time, Since it has a step which determines the defect pixel 
at the time of an image pick-up based on the information on the exposure time at the time of an image pick-up, 
and said information on a defect pixel searched for, and a step which amends said determined output signal from 
a defect pixel, Although the quick compensation process of an output signal is secured by fluctuating the number 
of the defect pixels which should amend an output signal according to exposure time when a defective pixel 
number changes with the merits and demerits of exposure time, improvement in image quality can be aimed at. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a figure showing the composition of the digital still camera as an electronic 
camera concerning a 1st embodiment. 

[Drawing 2] lt is the graph in a certain pixel which calculated the charge quantity (crack level) 
accumulated regardless of the light volume of incident light with exposure time. 
[Drawing 3] lt is the graph which asked for the number of the pixels which need to amend an 
output signal in a certain CCD with exposure time. 

[Drawing 4] lt is a flow chart which shows the processing in the case of actually picturizing a 

photographic subject using the electronic camera concerning this embodiment. 

[Drawing 5] lt is a subroutine which determines the required pixel of a compensation process. 

[Drawing 6] lt is a figure showing typically the color mosaic filter attached to CCD. 

[Drawing 7]Drawing 6 is a figure showing a different color mosaic filter typically. 

[Drawing 8] lt is a figure showing typically the color mosaic filter attached to 3 board type CCD. 

[Drawing 9] lt is a figure showing a 2nd embodiment of a digital still camera. 

[Drawing 10] It is a figure showing the example of the filter of four colors. 

[Drawing 11] lt is a figure showing the state where the filter of drawing 10 has been arranged in 

two dimensions. 

[Drawing 12] lt is a figure showing the state where the monochromatic filter has been arranged. 

[Description of Notations] 

1 CCD 

2 Drive circuit 

3 CDS circuit 

4 A/D conversion circuit 

5 The memory for pictures 



http://www4.ipdl.^ 6/2/2009 



JP,1 1-239298, A [DESCRIPTION OF DRAWINGS] 



Page 2 of 2 



6 CPU 

7 Storage parts store 

8 Control circuit 

9 Memory 

10 Liquid crystal display 

11 Lens 

12 Diaphragm 

13 Temperature sensor 

14 Lens drive circuit 

15 Electric power switch 

16 Mode switch 

17 Timer 

21 Diffusion board 

41 Signal processing part 

42 Digital disposal circuit 

43 Picture element defect detector circuit 

44 Pixel-defect-correction circuit 
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DRAWINGS 

[Drawing 1] 



12 




[Drawing 2] 
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[0010] #IMIJ©iIi*fi^ltIE:£ffitt. ftlfc 

©aaRiwr-sHftJtflHR^KRi^sis^nBK^ttsu 
tcxkmmvtim t . «*is©ii3fci*nii©f#* <t icmi 

3 n tcXffim&fr 6 © tb^J ft # * ffliET SXr^'i, 
[001 1 ] X. *IMIi©iii3ft© *HtiE#»«. «&© 

xpiiii^©tf « 4 . ©fflt«*4**^©sK<z>NM* 

4{c«-3t»-ca«a^©^l«lii3R*»«"r4^^ » ?*4 . 
[ 0 0 1 2 ] **W©B*®#*ljE*S»> tM* 

-?mmzn *> c 4 k j: o . sss^ra fcttie t ^^RSta 

SR©« $R£#& £ X r 7' 4 > »«B$©|g^«f M©t» tR 
i WSB*ft 6n/c^KB3R©fll«i tC*-5l>r»»Wf© 



#M^P 1 1 -2 3 9 2 9 8 
4 

s*^©m^ft#*fiiE-r*x^ vvt. z^-rzct 

[0013] 

[ffffl] *2SBJ3©«^-*M ^JCiftB. SI»©Bi**W 

*^ ©xBiBJR©** *ietw * Ktt*a i . mmm<D 
**&«T&i*«3M34*«-r&©-c. fc4*.tf«#i$ 

M^<tsci^r?, ^fttcJ^W^fi-^filE 
4affl*ffi^0Ctf 9C 4^-e#&„ — 35*B#ra^g^ 
8iTIB«5E*BWs»3e-rS^«Biil*©»*^ 

&g«tci«#>6c4#-c#. **itcj:»3a«©isi±*ia 

[0014] *^©^*7.y ^Cc.£ftB\ a^t©iB* 

m^m 4 . WiBmvffi ibh ftjuRsR^oaattw 4 m se 

44W^-S©-e, /c4^.B@f*««*^©aS» 3 ®^* 
^tc», HMfBi?i^lS*^«-r^^l ! iHi*©^*^ > ^< 

-r-sc4^-c*. *n«cj:offl*«-«»©«iiEj«i*ffla 

«^kb. «naswE*m*j*5Er s^kh*©**^* 
aeittci««>sc43&i-c*. -en(c«fc0iiis©[6]±^ia 

[0015] *SIBg©iii3Rff^iE*j£iC 

iii*©^! ; &^«£<^«-r^c4^-c'* > -eniCcfc^m^j 
B#p^^st,>is^(c». ^KBBR©«*^*aeatcj»» 

4*i-C#^>. 

[0016] *^Bj©jii*ff^fl8iE^tcJ:nB, 
©HSR* WT * H^JUMS^ tc M -T & «*«f fB K WIS L 
fcXBa*©««4 • »«B#©Sf*}««^ih©SS©t# 

4. gffa^3n/t^R5ffl*^6©m*m#*ffiijE-rs 

Rj^fic »t»6«c t* . XPBM*©»*^* < ^> c £ 
j&s-C*. *tiK J; D tH^jff ^©tSJE^a^ifiiStcff -5 c 
4^T^^. — Hf*»«* : f-©»l** 1 JS''»*^ tc 

«. ^Kffl3R©»*^atteKtcw«>-cift5e-r4 c &** 
•c*. -enccj;OB»©rS]± ; &0-sc4^-c^^. o 
[0017] *^©a^ft^tgiE^i : i^ctn«, 



C4) 

5 

XKWRtiwe-r**^^- greases ftfcfcB* < 

[0018] 10 : 

US**. ®B*#Mb-C^-T6 0 BIB. * 1 ©£* 

^©#j&&^-rig-t?*£. sitc*$c>T. mfoiW&M 1 ?- 

iLtCCCD (Charge Coupled De 
vice) -fy-5Hs>lMt*. *©H*±«:*6*3lx 

2B. l£j&"VUX££J$l/-C. CCD lK«|ft-r4@IS 
•C$>-S»o CCD IB. ,|g»I5||fS2(Cj;o-C^)S3n/cte 20 

[0 0 1 9] CDS (fBM-S-9->7-U>?) 0K3B 

£A/D^&[IIIJ§4fc:*Jl>TB. CCD 1±©W3W:A 
St0fc#©3l«***t»«£. *#&«©*** 
KSBftSn-StOi-J"*. a**»*A/DS»HK4*fl- 

utrf#e>ftfcCCD 1 ©m^ff©®^-^*. — fi > 30 
iBftflM * y 5 tOESt 5 ft s. 
[0 02 0] SIMM * 'J 5 (cCttS ft/cMf;^- f 

b. cpueKioraaowMBiMMisft. 

[0 02 1 ] C CT\ ^©fflt&i&StKB. CC D 1 © 

-raj^fc. cpu6tt*Kn*©«Wi*tTo-c. xp§ 

H*©ttiKtit«l mU) *. «HWIiltt8tc**.6ftA:> 

XR&M*©i*fflrcfflt>*&«©^--* stela 
tetsft-ci**. 

[0 0 2 2 ] WL8f&rM& 1 0 B. SMMftfcMfl^tt 
SttUfPtMR^**^'*'* *>©•£**. c c D 1 ©B'jffi 
KB. «W**<&<0*tWRJitClS« 3 -tt* fc*© U > 
XI It, ASt#©*«*W®T*K9 1 2i. CCD 
1 ©»K*1*UiT*ia«-te>1f 1 3 6>ft-Cfc 
0. »K-fe>lM 3©*Um#«fM»B«88«:A^33ft 50 
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[0 02 3 ] ItC, W?f**-C©*Jie*K (*H>iO # 

(ixeft. **»*»iB#s*»6©e'HKj:t). Mnan 

8 B . U > XlgfJllHl 8§ 1 4 ^SrSBS* 0 . SK U > * 

1 1 £S«J 3 "5 K & *MX-f ? 
=M 5Ri>\ ■SR^PB©«HJ*ffto***W*- F*« 

***>©*- Kx-r * * i e <*- Faw?*«> * 3 
«*.e.ft. rfp*>sx ^ ? ?©«pf¥tc»-^< ra^swia 

S28CcA^;*ft-2>J:5K&^ , < i *° £-Y^17 
jWWW@B8KS8*3ft"Cl»*. CCD 
1 ©jmi*K*t**«*WI«*1*Wl'"e. 

ft. *t»*2 IB. J&*X*ffl»*fcflil>&fta*> 

©-c*»k a*xtftffiNFtcBffl<.»e>fttti»fc*. «t* 

©t& IE % #BS"^" » 
[0 0 24] XK. ARSWSftt L-t. S+X©^WiCO 
^TSMBT*. ft. BW»K«W4e+XK«lW< 

< ^_ px-Y i e^t^tft^ti^n^Kft 

[002 5] *-FX^ ? f- 1 6#*><tfe->/ctKJS 
r jL—«f-(Cj:D*«X>r >^l 5^SA3ft^i, 

3&»*>*x -r » ^«^*«w»@» s icxt) 3 ft. ©JffliiHiss 

C©WCCD 1 K <fc 9 A«**W»Ufc««-C 1 n 
E^a^^tf^ (WflP#«) . **5IfKJ:^CCD 
13&»6©HJ*B. iii^ffl^^'J 5tc^SJ3ft. CPU 6 

t»»ab>«D 9 ccgBtt.sft-c^-se*x#iceffl©wii 

[0026] mm?- sxD&ibJiZ, affi*#J«ur« 
^^^aj^Sicieasft-cc^ts^^^. ai 1 

B. C©fe7 ^^3»*t2^7cWK3fe^e>ftrc>itt»* 
55TB-C*S#, iI{gL^-r<-rS/c*Afe©^ ; fe*^ 

[0 o 2 7 ] 0 l l icfct^r. a@iii*AA4c^u-c. 
BB9MsB0;£©^'J7rt©&@Hi*fe*JW*2 4ffl© 
, fUDfe (Aft) ©■*©*"-**«<.»"£. 
ftm-r-sfeoi-r^o $f, 2 4ffl©W^©^-^^ 

ffl**fe-So C©T«g**C©iB3RK*f-r4*l©»* 

^-3»4-r*. aBM3R©^-*i. c©^i©a«7-" 

S 0 +XU^;l'^B'T^©iBH ; S:a^'2> , ta. *X£L-t 

isiib. -e©fia«fB ; Sr^^ , JKi2tf.-r6. ffi©fe 

(B. C. DS) (COC>Tk, lal^CMII^'fT^o *fc 
^-C©uB*(CO^-C. |5«©«!!ffl*tf "5 = 

[0028] c©t*«a-r**xu^Koi»r. si 

3 *^-*£-CCC#LTfli;lSHiT&©-CB&<. 



4>*au£ 5 %«t, jaaau* 1 o %wr 1 t o £ o k , 

[0 0 2 9 ] &7 -* ;l/5<ilt. -f 

r. aam*tc*fu-ci!i«r*iii3R*^*J^*^i 

«. nmmmB b tc*t l r B©a,#£-c**jJB-cs s . 
lt»eoi»T«:|SJ«K:. jajZfiH*©^-* ^wi** 

[003 0] _bi* Ufc»«K:«fc*itf C C D 1 ©H*±K 

ffl^-r &xps#&& i«wr*. **>sJt««c«t »? a* 

X*M*lH;Sn*c£±*r*. fi*X*«*UH3*ifttf. * 
WMffi 8 ©^ * U 9 <E«#R) KiBttS tl4 C i <b «c 
[0 0 3 1 ] *»*SflWt«: «fc*l«, -f » * 1 5 © 

jstxfftc. a*x©tftw*«e«iiwcctf*>nr. *»f©a 

Wfc a+X©^{WC*f)CBLfc.ffliE*«If*i & £<, 
[0 0 3 2 ] iC^tfi^Xtt A«*©*««C*^< 

«, @f*i««^©w^m#*«iE-ra±-c. *©k«j 

[OO3 3]02», ASBSKiCtettS. *oBftt*-C 

s n fc w ft ic *s i » -c 3. - if - & -e © * a * x i an 

-T-Si. fgB©»ftK*5l»-C«ife** 
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H#fa* s 5 #wit* s «c ^ «. a»0»*B*©nwjfiH** 

«UE*t*i L/. S£Bft©ffiW*li(£^£^# s **» 
[0034] 031J, ^SCCDCCfct^Hi^fe^tf 

tt££*©*b&*2 0 OffliCifAf i*S%U-CC»*. 
c©J:^«:. aflra#*»iEf *£*©**XWiiSi* 
B. «#llSW£«ec*»nf ft. H2. 3 

io VCfrs-tVvvK. -WiLT^f 4>©-t*9, H*©« 

©fc*9f#&. 
[0 0 3 5] *«WtC*it>rtt. BKR0 e «iaNfM©li 

£*iIE©fc*6(C . «9flaD«*WK & * * 

»*©&■. s^fffl *> o < ttftK*^ - ^ <t L/T 

20 [003 6] tf, i*ww»s* s c > {*ttP9f«l«W© 
t*ffl$fc*»l»T. *-F^^f^l 8**>KLfc«Ji 

5„ A^^,$iJ15I|ilSg8«. *50 1 2 (XMMffi^®.)' * 

±m K.mmm i> . ajw**mr fct^-c^a^© ~> 

[0 0 3 7] HK. c©X-pBf lift (BBRKRMfcUWi© 

sift) ti»LfcccDi0Ui*f^B. aftffl^^y 

30 5tcS»Sn^ 0 CPU6IJ, ^fe^^&D 9iClBlf.3n 
-C(,»*B + X«jEffl©PWt (fci^ISl®2 0 

S= ®CCPU6». RTt^fttc. A*JM4ix 

l-c, *iriaii5]iS8©^*u 9 (iett.#ia) (cia«^-Sc 
c©E1f-r-2>^R6Bi3K©^-*©^*. *i(c^-r. s 

ss^Btraic^tL-c. wmmcoimfew. < 1 - 1 . 1 - 

1. 2. 4secW>t. ARHlli^©tSf8 ; Sr*«>^ l ' ; ' 

[0 0 3 8 ] 
[311 ] 
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10 







xmmm 








1/8 


1-1 


1-10 


100-1 






1 


1-1 


1-10 


5-10 


100-1 


100-2 


• • • 


2 


1-1 


1-10 


5-10 


6-10 


100-1 


• • • 


4 


1-1 


1-7 


1-10 


3-5 


5-10 


• • • 



[oo39m. ±K«a£*it** -f » ?&Amm z. 

«. «fc 9 * a + xtc ot > -c 4> SHE©** 

ci*«t*4. x, a+x^iaKJ^tcjc-p-cfcit^-r 
a*x*ac«pK:iattH2>iM 3*ffl 

©&a (--XTuim) *«3eLT*>Ai>. 

[0 04 0] ±a!LfcJ:-5tCO-C^ai3n > >*'J9K 
[ 0 0 4 1 ] 04 tt, *3li6©^«(C3i>*>*aiF*^ ^ 

^i^t, i^c^^^ts*^©^*^*? 
[0042] *r. B4©xf 10 itcfco-c. 

a— !f-*i«i^-f 5*&A (m-7-ON) -f* 

•^?-SW2^JS:A (*>) ShitOiT*. 
[0 04 3] 5^S102K4Jlr»t, X-fy^SW 

f,ysi03 tc*ii»r. fUWBS§8 (ci agSWSHW 

[0 044] MIC. Xf- 7 7*S 1 0 4 &C*S(,>T. tH^Jfs 
08S8«. HSO^^-f^^'^S 1 0 4 ate 

zf-y-rs i o 3 (04) ictei>-cmM$titd®wm& 

(jg-C fell,. U . ?^717 (01) ^lt#J L/ fc^BI©* 
[0 04 5] 05OXf '^'S 1 0 4 alCis^XimXM 



HT^SnfcSi. *UtPIs!!§8». ^^'S104 
b KfcOT . T«* 1 / 8 mXFfr&fr'Wtii* 

0 4cK*l>T. MttH3B8». «UE«>i:*ttiii«©1« 
20 9*6K*Wr. — ^f-»^S 1 04 b 

7a-BXf--; 7'S 1 0 4 d ^itWS. 
[0 04 6] ^f-^S 1 04 dfCfcOT. F«8J|§I5g8 
iiffi*B#RflT# l #jyT*»5a»*W-*"*. T ^ 1 
»r3nfc*^C«, Xf ^S104e(CM»t. iMfP 

_^ ,7'S104dm»T. T^l^r 

30 [oo47]^f-^'sio4f icto^x. mwmffis 

t*R^B#ffflT*S2#JWT^S^*lJ»r-r £. T ^ 2 #&« 

088 8 tt. ffiiE(D&mrmm<Dtfimz * * y 9 & 

m-T. — ^»^S104fKfcl»t. Ti2#r 

7ts#ra t (*«A 4 #r ** fc»lijE©eiHBttiii*©W* 
*y*i;9*»6K*ffir (W»^S 1 04h) „ -e© 

[0 04 8 ] H4KR0. Xf^S 1 0 5(C*J(,> 
[0 04 9] m<^f-yy'S 1 0 6tC*3L>-C. ^-/ ^ 
? 7' S 1 0 7 iCfcl >T . *IJ8D0K 8 tc <fc 0 ^ i- y f**JE 

nan. s^B#HiT-cKW* s !f*>n^, 

[0 0 5 0 ] ^-SRWfCcfcOCCD lCCWfir#*»3 
50 ft/c&, ^7-^S10 9K*Jl't. MffiOHM&ff*) 
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[0 05 1 ] Xf'j7"Sl 10 (Cfc^r . $>Jil|g|8S8 
Ji. ■ u 9 KiattSnfc*|jE-r^*iii*©tlH8K:i£-3! 

S. #>*>-SfiIE©f£, M{SPiaB8». Xf^'S 1 1 1 

ccteor c p u 6 cc «fc k> flfeoft -^saai^tf C > . 
s i i 2{c*jt»rA»*>-5«#*E«rrs. w®ias§8 

«. ^WUfj^Sl 1 3CCfcOTfEfl^7CCjlH$! 
[0 0 5 2] iXtC. ±SliL/cXT-^7'S 1 1 OitfcWS 

(i) m©*f-*5£ 

An. n ~ (A„- J<n -2+An-i > n"'"A„.j 1 
"'"An, n+2 A n + 2 . n - 2 A nt j 

A n> n (A n -2,n^~A 

(iii) *3©fH(« 

A n , n — ■ ( A n , r-Z A 

[005 6] ±ia ( i ) 5£<CMfi^c 

#H>£*S5x5H**#l*n\ KfiSSBSilHlDfe©*/ 
9 - 7 -f ;l> * jMRW 6 ftfc 8 W&<DWMm<D ¥-i%m* . 
K&1iIi5S©S^S«cg*&*&fca6. ?W>>Sll@R©flS^r 
«im»"T*iii*©«ffl»C«Cffc35*e«Ji/j:0. *ncc 
J: 0 BiS©fr±£0 5ctA>"CJe, 
[ 0 0 5 7 3 ±K ( 2 ) ^©¥^I(C .fcntf^ XPSBi** 

D^JROlalDtf©4Bi^©^»©¥^fii ; &> XWmn 
oymmtiC&$8iZ.-C*$<0 , Bi5t©fti:iMHiIg©f£j 
_h£©PifO£l3£C 43&*t?*«. 

[ o o 5 8 ] ±te < 3 ) ^©^fcjcnt*. xmwmz 

*^fr*5x5IB3R««rt-C. ^R5iii*i|gIDfe©*« 

(i) »l©it»SC 

A n .n~ (A n _i %n _i+A 

(ii) SI2©ft#5£ 

A n ,n~~ (A n _2,n-2~'~A 

+ A„_ a .„. x + A 
~f"A n + i, n + i "l~ A i 
[ 0 0 6 1 3 ±33, ( 4 ) ^©¥^{C «fcft«. *|SS@j*£ 
W>it^3x3 B^^rt-C, KB®* i 151 D A fe© 

®mz> xmmmvnffimtcs.zm'adt) , bw©ioi 

[0 0 6 2] ±IB ( 5 ) ^©^CC J:tl«. KB 50 
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[0 0 5 3] ^j, ^ItOJBftCCfett f ©tS 

iwnciiciot. a»a»<5Kis*:W-r*HJR© 
KB * wr £ a** 1 e> ©«fia cc *t L/ r mm* fiatt£ 

B£Lfct3. MUEJS©*l«*tf^C4CCJ:o'r4>. Bflfcf 8 
- *©fiIE*tT ^ci ttnJifcr* 

[0 0 5 4 ] 3E-T, 0 6 iC^rTJ: 5 CC^&C CD i icm 
VhtltcX ■< ?7 A A, B, C, D 

(fcix«Ye, Cy, G. Mg)©4fi©*5-7< 

-3#St**ff5. ft. «aS-rS«F#A,.,tt. n^Jntf 
S©iffl3£©7 -< jUirfeA (fftb%Ye) «C3&>*»4fltW 

[005 5] 



i + 2 "^ A n , n ~2 
n^Amz.ntl) /8 



i "^" A n , ntJ ^~A n +2.n ) 4 



( 1 ) 



(2) 



,.„.,) /2 



30 



r (A..... + A..,..) /2 (3) 
D?iJX«IalDtf©2ili^©^fi©^ffi*. KRBiii* 

©«?g«fc»#&*.-c*i»). 55saa©[Sj±*0^ct 

(156. A«^©7^;l/$feB. C. Dfc-ot^r 

[0 059]-^ ®7(c^-rJ:^«c. ^9-*if-r^ 
7^;U^^A, B, C (fci^LKR. G. B)©3&© 
7^;L-^-c*0, Ai-o7^;ui?feB. C -5 HBR* 1 
KPBWRt?*r>fe«^{ct. «TIB ( 1 ) 7iM ( 3 ) 

7 ^ ^^feACc^^-Siii^^XRgiiiJSt 1 *^^^. « 
T©i>m^©§t»s;&c«otit#?:tT5 c i^r-ir 

■So 



[0 06 0 ] 



,.,+A, 

■ + A... 
, + A„.„ 

i-2 A n + 2 



) /l 2 



(4) 



(5) 



1 . n - 1 A r 
n + 2 + A n _i 

, + A..,.. 

n+A n>J 

Afe©^79-7 ;^we.nfc l 2 iB*©^ffl 
Kffiiii3R©«Bf«K:a#»*'r*j«3. rsft©ifii±* 

[0 0 6 3] SStC. H8K^J:7<c3fi5a;©CCD* 
fflt^tS^iCt*. A, B. C (fcti«R, G, B) © 
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$amm'e$>z>mmA„.„(Dnnmzffix.-rz>ti*u, vi [0 0 6 4] 

A„.„= (A,.,.»-i + A n .i.,+A,.i.„i + A,.,.i 

+ A,.„i + A, ( i.,.i + A,h,, + A m i.„i) /8 

(ii) »2©iti)ts: 

A„.„= (A,. 1 ,,., + A,.,...i+A„ ( i.,.i + A„.,.,.i) / 4 

(iii) ^3©it#s: 

A„.„ = (A,.„, + A,.,. l + A,., t i+A„...) /4 

(iv) 3!4(Df-H?5£ 

A„.„= (A.-l. + A,.,.,) /2 

(v) ar5©ft»5£ 

A„.„ = (A.^.j + A,.,,,) /2 

(vi) f&6©ft»5£ 

A„.„= (A».i.„.i + A„,i...i) /2 

(vii) UI7©ft#5£ 

A„.„ = (A,.|., t i + A, tJ .,-l) / 2 



(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 



[0065] ( 6 ) 5£{c»-3< itm*> xmrnmimtz 

( 7 ) StC»-3< if-#tt. $MBR*(tM>£ 3 x 3 

©T&-S. 

[0066] ( 8 ) j&cmK if xf&mmcmm 

f Z ±T2r« 4 Hj*©»S9»©¥i$ltt£#a£> £k<D~C$> 
0, (9) 5J:KK-3<ttH[tt. ^KH*KW«-r&±T 

[0 06 7] (10) 5£fc:S-3< sf»tt. XPSiB^tcBif 

( 1 1 ) ^ca-3<it»*, KKMRKUHS-rsa: 30 

-L&U^T© 2 jj^©*ffi«©¥:»&fil*#«> -5 ©T* 
•J , (12) iC(cS-5 < ftlWi, ^XPStB^fcm^l-r^,^ 
±.RW£T(D 2 iB*©^Mfi©¥^lfil £ ©r * 

[0 06 8 ] J^-h&^fccfc -5(c*^JS<D^MCCJ:n{*. 

<D»*^:#<-rscttcj:f)iaa©i6i±*iasci*s-c 
*fc. *nss©ff$^(cj;n{*. si*B#r^si^« 
Btt©»«B#{C*Jt»-C . £*ne 5 nfcM*-c* -5 X 
i>, «*«p|H**3Sl»*&«:«iE?it<clS*tLr«l»3a j 5 
CtWl -entcJ:f)CCD©14ft6 ; &7JKC^-rS 

[0 0 6 9 ] 09«. f^^^XfJ^>7©»20l 
KHJRK*f |£T -5»m^S©lijE*ff -5 C <t # nJtti «c 50 



ft. JH2oJ(E»©je««:*jt»t:«. 0i©#^il5l 

[0 0 7 0 ] 19^1^ A/D^&@SS4-C^&3 

m#«a@ig4 2 <t. fflssxfiitfcaj^iai L-c©Hi*x 
Rg^aii5ii«4 3 <b. mrnxmrnEmzt vxcomrnxm 

MiElsISS4 4 tfrffiZ-btiX^Z. 

[0071] «^aiiisS4 2 b. m&natM-pgLmm* 

J6lt. fc£*tf»£fg#£feM{S#£0T©7^i>* 

4 3ii, 0i©nsfi©^ss^iHia(cL,-ca+x©xPiiB 

f££$fflT£|5]ifg-C&i9. C©iBf&XRStfcfcHl]|i84 3T' 

^ai?n/-cxi>SBi5fi©<4am#R (^Xytmm) 

9 (cialt $ ti £ J: -5 tc U -o X t, > & . 
[007 2] iSs£XI«*iIE[51gg4 4 «. ^ * V 9 (CfBtt 

snrc^xPiiii3S©<4amffl (zuwMt) tcg-^ 

[0073] «±. *&wzmM<DftmzmMLxmw 
Lx% tdfi, &m}it±ssgm<Dffl8iicm'M i>xmm 3 

fe*s3A,T-&£„ fct^tf. s57tB#ra£XPgiS^©^:i 
©M^*^-**fer*j#, ^©as^BSlffl*. fr^-s 

Ba— tf-©s*(c<fc vmj&ZMzmfmicmtxs z 
£*>ichtcW'£xjb~>xb, xf&wmomjjtcttLxm 
wmEWM^'ii^ctifiuimttj;*. ft, *mt&<Dm 

mmmfox&z, f D^ccisit-r ^ c tire* 

[0 074] 



(9) 

15 

immm+<DXffimm<Dmmznm-? states £ . m 

minimi, ^m-stc mm&^mwm-r & xn 
H^©£&£^&<-rsc -e-fticj^m^fi^t 

[0075] *§m<Dm+tis ~>tc £tii*. mzkomm 

£(ctt. iiute*^J£^&«T&XllB*©ifc£^&< 
K'ff^iASt^S. — B#J*&*^-©S«jW«(.> 20 

[0 0 7 6] *»!l©B3Rm^*fiE&ffitc«fctitt > 
fcX«IlJR©««4 . ««B#©K^ffl©t»#8<!: 

*wr&©-c. tctumitnmm^m^cu. xm 
mm<DWL*'j>rj:<&km-rz>ct&X'Z. -eftiCctotH^ 30 

XI«W*©&£#gft®£cciis#> 
r^3&r-scij6*r*. *ftcc<fcOiiiii©fti:*0£c 

[0 07 7 ] *^HJcDBi*m-^»iE*V±CC <ttl«. 
fcXRB@iSB©t#$B£ . »*B#©H«1#*^ ©ffll£©t* 

«itca^nr»fltB#©^Biii3R**3rrs^^ » ^ 

xf ^'i. *WT*©r. fcix.tiHf*J««^©S 40 
Soffit >±§^fc «. XHBB*©8*4>tt < i*5Ef Sci 

5*. WBH3R©M*£**ffiK«cK»r»He-r*Ci3W 

r*. -eti{cj:»)BK©i«ii±%iasci3S«rt*. 

[0 0 7 8 ] *»W©IB«(i-9»jE*a«c J:ti«. 

©asR^wrsHftJiftBR^tcj:*). mjtmmz%L*.~? 
-^»** tf 5 c i cc j: 0 . -ss^Bf ra K*f btcxmm 

*©flH8*#a>*x? }«#-B#©gS^B#ra©t»fR 
i Hula** 6ft fc^PBB3R©tiMR <!: tcHrJc »r»««F© 50 



1 1 -2 3 9 2 9 8 

16 

xffimnk&yt'g.'f 5xf?7'i. wieyiiE <* ftfc xpsb 
3R*e»©a*m#*itjE , r*^^^7 p 4. £?rrs© 

r, SS7tB#ra©SJs(c J; U XI«Bsg£W s i£{fcT£i*£ 

©»*it*-T4CiKJ:0. Hl#fI#©jBjIfc«JiEMiI 
SrUfSL-^fc, HR©|SJ±*I3SC 
[0ffii©W**ttW] 

[Bllll ©lUfi©^^^?.*^*^ 7i 1/T© 

r^^x^n^y ^©tiii&£^tiir*-5>„ 

[02] **H3RCC*jW*. A^©*fiiMRI^tcS 

[03] *SCCDCCtot»Tffl#S#*ttiE-r*ifc*© 
[04] ^fEtSO^Jitc^S*-?-*^^*^^. H 

[06] ccD(cK0#W6ft-2»^7— =etf-f*7 -f;u 

«^;W(c^-r0T-*-5„ 
[07] metitrntezx^-^ir-j 9 7 m 

[08] 3^CCDicm0^^e»ft6*^— ttf-f^ 
[0 9] T^SobX^lotM 5©f&2©HJfc©J£«g£^ 

t-0-c*^. 

[010] 4fe©7 ;l>£©0if£^-r0-e*<S. 

[0 1 1 ] 01 0©7 2:>ScWKE«LA:tt» 

£^-r0-e*£. 

[0 1 2 ] m&y -f ^3r*EBLfctt.«*m , ria'x?* 



6. 




[# 




1 


CCD 


2 




3 


cDsiagg 


4 


A/D£«ai8 


5 




6 


CPU 


7 


aattsc 


8 


*ijjameiss 


9 




1 0 




1 1 




1 2 




1 3 




1 4 


U>X,!B»|H|gS 


1 5 


^x 3» ^ 


1 6 




1 7 





2 1 
4 1 
4 2 



17 



[01 ] 



(10) 



«fW¥1 1 

18 



2 3 9 2 9 8 



* 4 3 BKXFBtttUEOES 

4 4 mmxmmm.m^ 



[06] 



11 




n-2n-1 n n+1n+2 



1° n-2 


A 


B 


A 


B 


A 




«■ 


n-1 
n 


C 


D 


C 


D 


C 




A 


B 


A 


B 


A 




— I n+1 


C 


D 


C 


D 


C 




J 7 


n+2 


A 


B 


A 


B 


A 






n+3 


C 


D 


C 


D 


C 





[02] 




200 - 



x 



* 100 
(«> 



[03] 



12 3 4 

*3tB#M (soc) 




[07] 
n-1 n n+1n+2 



[08] 



[010] 



n — 2n — 1 n n-f In + 2 



n-1 


A 


B 


A 


B 


n 


C 


A 


C 


A 


n+1 


A 


B 


A 


B 


n+2 


C 


A 


C 


A 


n+3 


A 


B 


A 


B 



n -2n - I n n + ln + 2 



n-2n- ) n nt|n+2 









































n-2 


A 


A 


A 


A 


A 


n-2 


B 


B 


B 


a 


B 




C 


c 


c 


c 


c 




n-l 


A 


A 


A 


A 


A 


n-1 


B 


8 


B 


a 


a 


n - i 


C 


c 


c 


c 


c 




n 


A 


A 


A 


A 


A 


n 


B 


B 


3 


a 


a 


n 


c 


c 


c 


c 


c 




n+ 1 


A 


A 


A 


A 


A 


n + 1 


8 


B 


8 


8 


8 


n+ 1 


c 


c 


c 


c 


c 




n + 2 


A 


A 


A 


A 


A 


n + 2 


a 


B 


B 


B 


B 


n + 2 


c 


c 


c 


c 


C 











































(11) 



f$|Jfl¥ 1 1 -2 3 9 2 9 8 



CH4] 



[05] 



[012] 



S101 



S102 




S104 




S1043 



a 


B 


[b ]b 


B 


B 


B 


|b |b 


B 


B 


B 


imm 


B 


B 


B 


mm 


B 


B 


B 


|b |b 


B 



■%IMi/i»7*-*Htill 

7 



S104C 



S106 
S107 



I ,S110 



#X*HE 



J/S111 



13* 



S112 



S113 



11 12 21 1 



CCD 



13 



CDS 



CflJKBR — 1 




-7- 



S104f 

NO 




S104h 



RETURN 



[011] 







a 




a 




a 




a 


■ 




■ 




m 




■ 




■ 










a 




a 




a 


■ 




■ 




m 




■ 




■ 






a 




E 




a 




a 


■ 




■ 




■ 




■ 




■ 


a 












a 




a 






■ 




■ 




■ 




■ 


a 




a 




ai 




a 




a 



,41 



A/D 
—* 



74% 



10 



44 



J68M 



tttfJOl* 



■RUCK 
12DI 



Hi 

1 

1 
i 
1 

1 



A. 



T 



14 



747 



17 



